In the intensive care unit transthoracic echocardiography (TTE) can be used to assess and monitor cardiovascular haemodynamics by examining left ventricular function, volume status and inferior vena cava (IVC) diameter, excluding cardiac pathology such as cardiac tamponade, valvular dysfunction and intracardiac thrombus [1] [2] [3] [4] [5] [6] . Thrombosis within the IVC is a type of deep vein thrombosis (DVT) and is pathophysiologically related to the Virchow's triad of stasis, vessel injury and hypercoagulability 7 . In cardiac surgical patients, the risk of thrombosis may be increased by surgical interventions such as vascular catheterisation, surgical trauma and cardiopulmonary bypass 8 . Although bleeding is the most common major consequence of coagulation disorders after cardiac surgery, venous thromboembolism and intracardiac thrombosis have also been well reported and may contribute to mortality and morbidity in cardiac surgical patients 8, 9 . The incidence of IVC thrombosis in the immediate postoperative period following adult cardiac and general surgery has not been thoroughly investigated, and therefore remains uncertain. We therefore examined the incidence of thrombosis in the IVC in cardiac and surgical patients during the immediate postoperative period.
MATERIALS AND METHODS
Two cohorts of patients were considered in this study. First, postoperative TTE was used to examine the IVC of cardiac surgical patients with a negative preoperative echocardiogram for IVC thrombus. Second, major surgical patients including general surgical, orthopaedic and multiple trauma patients were used as a comparative group. Antiplatelet and pharmacologic thromboprophylaxis were started within the first postoperative day based on the European Association of Cardiothoracic Surgery Guidelines 10 . All critically ill major surgery patients received pharmacologic thromboprophylaxis and/ or mechanical prophylaxis for thrombophylaxis acc- 
SuMMARy
Venous thromboembolism is an important complication after general and cardiac surgery. using transthoracic echocardiography, this study assessed the incidence of inferior vena cava (IVC) thrombosis among a total of 395 and 289 cardiac surgical and major surgical patients in the immediate postoperative period after cardiac and major surgery, respectively. All transthoracic echocardiography was performed by a specialist intensivist within 24 hours after surgery with special emphasis on using the subcostal view in the supine position to visualise the IVC. Of the 395 cardiac surgical patients studied, the IVC was successfully visualised using the subcostal view in 315 patients (79.8%) and eight of these patients (2.5%) had a partially obstructive thrombosis in the IVC. In 250 out of 289 (85%) general surgical patients, the IVC was also clearly visualised, but only one patient (0.4%) had an IVC thrombosis (2.5 vs 0.4%, P <0.05). In summary, visualisation of the IVC was feasible in most patients in the immediate postoperative period after both adult cardiac and major surgery. IVC thrombosis appeared to be more common after adult cardiac surgery than general surgery. A large prospective cohort study is needed to define the risk factors for IVC thrombus and whether early thromboprophylaxis can reduce the incidence of IVC thrombus after adult cardiac surgery. . All echocardiograms performed were part of a specific postoperative echocardiographic protocol, routinely carried out on all patients following cardiac and major surgery. For this reason, formal approval and patients' written informed consent for publication of this manuscript and accompanying images were deemed unnecessary after consultation with the university of Athens Medical School research committee (Ref No. AΠ.3257/24-11-10). The purpose of the TTE protocol was to evaluate and optimise the cardiac preload in the immediate postoperative period and/or to diagnose causes of different pathological conditions such as left ventricular dysfunction, pulmonary oedema, pulmonary embolism, pericardial/pleural effusion or tamponade, valvular abnormalities and intracardiac shunt. All TTEs were performed by a specialist intensivist (TS) with accreditation from the European Society of Cardiovascular Imaging, and all ambiguous echocardiographic pictures and videos were verified by an expert cardiologist (FP). The TTE imaging sequence included subcostal 4-chamber, apical 4-chamber, apical 2-chamber and parasternal long and short axis views. Although parasternal views could be difficult to obtain in patients after open heart surgery, we tried to optimise these views by lifting the sternotomy wound dressing slightly before the probe was positioned next to the sternum without affecting the median sternotomy wound. Cleaning and disinfection of the area near the sternotomy wound after TTE was always performed. We used the subcostal long axis view to visualise the IVC and to measure IVC diameter. Doppler parameters including mitral valve E and A wave, maximal early diastolic velocity of the mitral annulus and velocity time integral of the left ventricular outflow tract were also measured. As for identification of IVC thrombus, two-dimensional grayscale imaging was used in conjunction with colour flow images, which aided in confirming the presence or absence of thrombus and the extent of the obstruction. A portable ultrasound unit (Cx 50 phillips Healthcare, The Netherlands, or Vivid I, GE Healthcare, Waukesha, WI, uSA) with a hand-held transducer (2 to 5 MHz phased array) was used for TTE examinations in this study.
Statistical analysis
The rate of IVC thrombosis in both cardiac surgical and major surgical patients was poorly defined in the literature. As such, this study was considered a pilot study, primarily aiming to examine the incidence of IVC thrombus in the immediate postoperative period; no attempt was made to identify the risk factors for IVC thrombus. We aimed to conduct this study for a period that allowed us to capture at least eight thrombotic events in cardiac surgical patients. Fisher's exact test was used to compare the frequencies of IVC thrombosis between the two study groups and a P value <0.05 was considered significant.
RESuLTS
Of the 395 cardiac surgical patients who underwent TTE during the 43-month study period, IVC was not well visualised in 80 (20.2%) patients. In the remaining 315 patients (79.8%), (values are expressed as mean ± standard deviation: age 65±18 years; female/male 130/185; weight 78±15 kg), the IVC was clearly visualised (Figure 1 ). A total of eight patients (2.5%) had an IVC thrombosis visualised in the IVC within the first 24 hours after cardiac surgery and followed up to 72 hours if the patient's stay in the cardiovascular or postoperative care unit was extended for any reason ( Figure  2 ). These IVC thrombi were soft, non-calcified, mobile and only partially obstructive to the venous blood flow of the IVC. In four patients (50%), the central echo density of the thrombi was low. In five patients (62.5%), spontaneous echo contrast in the IVC was also detected. Lower limb DVT was also diagnosed in two patients (25%). All patients were then anticoagulated either with intravenous unfractionated heparin or subcutaneous low molecular weight heparin and followed up in the 12 . Findings of the TTE studies of these eight patients are summarised in Table 2 .
Subgroup analysis showed that a total of 105 patients, including the eight patients with an IVC thrombus, out of 315 (33%) cardiac surgical patients had right ventricular dysfunction (TApSE <1.6 cm or right ventricle FAC <32%).
Risk factors for DVT and intracardiac thrombosis 8 , including deep hypothermic circulatory arrest, prolonged cardiopulmonary bypass period (>2 hours), low activated clotting time after initial heparinisation, endocarditis, as well as use of platelet concentrate, cryoprecipitate, fresh frozen plasma, prothrombin complex concentrate, recombinant FVIIa, protamine, warfarin and antifibrinolytic agents (tranexamic acid), for those with an IVC thrombus are summarised in Table 3. In the major surgical patient cohort, of the 289 patients who had a postoperative TTE over the same 43-month period, the IVC was clearly visualised in 250 patients (age 72±28 years; female/ male 95/155; weight 72±21 kg) (85.9%) and only one patient (0.4%), (a 78-year-old male, orthopaedic surgical patient) had an IVC thrombus. unfortunately, this patient developed pulmonary embolism with severe right ventricular dysfunction and died a few hours after the diagnosis was made. The incidence of IVC thrombosis after cardiac surgery was significantly higher (P <0.05) than the incidence of IVC thrombosis after major surgery.
DISCuSSION
Venous thromboembolism (VTE) is a common complication in the critically ill, and surgical trauma, central venous catheterisation, immobility and neuromuscular blockade all contribute to the increased risk of VTE in patients after open heart surgery 13, 14 . because the functional cardiorespiratory reserve of many cardiac surgical patients post procedure is reduced 14, 15 , even a small deterioration in cardiorespiratory performance is likely to be poorly tolerated. The increasing use of transoesophageal echocardiography has increased the awareness of VTE in surgical patients in the perioperative period. However, the IVC is difficult to visualise using transoesophageal echocardiography, especially in awake patients via the transgastric approach 16, 17 . In our study, despite the presence of subcostal thoracic tubes and patients' inability to bend their legs to relax the abdominal wall muscles, the IVC was well visualised in 79.8% of our cardiac surgical patients using the TTE subcostal acoustic window.
Our study showed that IVC thrombus was observed in 2.5% of our cardiac surgical patients within 24 hours of surgery and appeared to be more common than we expected. Although we could not prove with certainty that some of the IVC intraluminal masses were thrombi, bacterial vegetations in the IVC are very unusual, especially when preoperative TTE was also normal. Furthermore, in five cases of suspected IVC thrombus, spontaneous echo contrast within the IVC was also visualised during the TTE examination, suggesting that a low IVC venous flow was strongly associated with an increased risk of IVC thrombus, similar to patients with intracardiac thrombosis or pulmonary embolism 18, 19 . We also demonstrated that this low IVC flow was often related to the presence of right ventricular dysfunction. Given the fact that the right ventricle is more vulnerable to ischaemia after cardiopulmonary bypass 20 , perhaps spontaneous echo contrast in the IVC and hence IVC thrombus may be more common than we expected in patients undergoing open heart surgery. The second possible mechanism that may explain why IVC thrombus may be more common after cardiac surgery compared to major surgery may be related to the use of IVC cannulation for cardiopulmonary bypass, leading to endothelial damage and 21 , increasing the likelihood of thrombosis in the proximal segment of the IVC. This study was not powered to detect risk factors for IVC thrombus which is likely related to many perioperative factors (Table 3) 15 -22 . This study has some limitations. Although TTE is a valuable tool in diagnosing IVC masses, such as IVC thrombi 22 , misinterpretation of TTE examination can lead to important errors in clinical decision-making. It has been recognised that intensive care specialists without advanced training in TTE often fail to diagnose subtle but clinically important cardiovascular abnormalities, such as IVC thrombosis 7, 8 . In our study all the echocardiograms were performed by an anaesthetist competent with TTE and the final diagnosis of ambiguous results was also confirmed by a cardiologist with expert TTE skills. As such, our findings may not be generalisable to centres that do not have expertise in performing TTE on cardiac surgical patients in the immediate postoperative period. Furthermore, we compared the incidence of IVC thrombus between cardiac surgical and major surgical patients. because these two groups of patients were intrinsically different in many of their characteristics, any firm conclusion about how we should prevent VTE in postoperative cardiac surgical and general surgical patients cannot be drawn from our results.
CONCLuSION
TTE can be successfully used to visualise the IVC in cardiac surgical patients in the immediate postoperative period, offering an invaluable diagnostic tool to study the incidence of, and risk factors for, IVC thrombosis after surgery. A large prospective cohort study is needed to define the risk factors for IVC thrombus and whether early thromboprophylaxis can reduce the incidence of IVC thrombus after adult cardiac surgery.
